The Problem-Based Learning (PBL) is an active teaching methodology developed through self-directed study and group work, with the objective of problem solving. However, using this methodology, some challenges appear in its implementation, for example, the difficulty of monitoring conversations unrelated to the context of the proposed problem, distancing itself from the center of the discussion and committing the learning objectives. Another factor to be considered is the formation of groups, since the methodology does not establish criteria for how to select the teams so that they are distributed in a heterogeneous way. The supervision of accomplishment of the PBL implementation cycle also requires from the facilitator frequent monitoring for the effectiveness of the methodology, representing a task that is difficult to verify, when it refers to the application of the individual or autonomous study. In this sense, this work presents a computational tool to support the PBL, which aims to contemplate the above-mentioned difficulties inherent to the implementation of this methodology and to assist in the teaching-learning process.
Introduction
Currently, reflecting education without emphasizing the use of technologies in the process of knowledge formation becomes a decontextualized task. Therefore, the appearance of technological resources and new teaching methodologies in the learning space alters the role of the student and the teacher and, consequently, the ways of teaching and learning.
The technologies can be considered tools that allow the dynamization of the teaching-learning process, through diverse ways of interaction between student and teacher in the resolution of an educational task, that transcend the barriers of physical space previously delimited and that contributed to the learning occurs in a collaborative way, in which the student shares with others the knowledge, doubts and impressions generated in the teaching space. In this approach, Distance Education (DE) emerges as a modality and as an instructive tool supported by the use of technological resources and pedagogical procedures, allowing greater flexibility of time and space of study, adaptable to the user profile, in addition to promoting the expansion of pedagogical practices directed to the construction of collaborative learning (Cleveland-Innes, 2010 ).
According to Dimitracopoulou (2005) , the computational support for collaborative learning is called Computer-Supported Collaborative Learning (CSCL).
In this approach, the systems that implement collaborative learning must insert cooperation and communication resources, enabling the learning process to present a satisfactory level of quality. In the sequence, it also emphasizes the need of these systems enable to the facilitators' mechanisms of formation and monitoring of groups.
The PBL is an active teaching methodology that alters the perspective of how the teaching-learning process occurs, bringing to the student and the teacher, respectively, the protagonist figure of the learning process and of facilitator. In this way, it is seen as an innovative methodology, allowing the knowledge to be acquired in a self-directed way. The dynamics of this methodology employs the use of problems as a mechanism to stimulate learning and how to develop skills, in which students learn while interacting in solving a proposed problem (Hmelo-Silver, 2004) . The presentation of the problem is directed to small groups, which interact in collaboration, seeking to identify the contents to be assimilated, thus contemplating the learning objectives defined by the teams.
Based on the application of the PBL, the proposed problems can be formulated taking as reference the use of various sources, for example, using tools of Information and Communication Technology (ICT), being able to use Virtual Learning Environments (VLE) in the content approach, which allows the interaction and exchange of information (Borges, Chachá, Quintana, Freitas, & Rodrigues, 2014) . Thus, the execution of the methodology proposed in this work was applied together with a computer tool named Problem, which was developed in VLE Moodle (Modular Object-Oriented Dynamic Learning Environment), specifically created to support the cycle of application of Problem-Based Learning, allowing it to be applied in the blended or online format. The implementation of this tool aims to assist the facilitator and the students in the im- 1656 Creative Education plementation of the seven steps of the PBL cycle, contributing to the teaching-learning process, as well as the possibility of minimizing difficulties related to student dispersion, the formation of support groups and the accompaniment of the individual or autonomous study referring to the stage of resolution of the proposed problem. The use of the tool was applied through the case study procedure and counted on a sample of 25 students from the fourth period of the medical school of the Universidade Federal Rural do Semi-Árido (UFERSA).
The structure of this work is organized as follows: Section 2 presents the main concepts related to PBL, Section 3 presents the computational tool for supporting PBL, in Section 4 is presented the case study and at Section 5 are presents the final considerations and future work. With this, it can be affirmed that this methodology has been used as a support for learning in different countries.
Problem-Based Learning
The initial procedure for the application of PBL consists in the use of problem situations in a contextualized way, with the aim of conducting and stimulating the learning (Berbel, 1998) In order to the accomplishment of the seven steps mentioned above, it is necessary to perform two tutorial sessions (opening and closing), developed through the formation of work groups, consisting of a maximum of 10 participants in each (Barrows & Tamblym, 1980) .
Computational Tool for Supporting PBL
The computer tool named Problem was developed in VLE Moodle. The justification for using this platform was due to the following factors: because it is an educational environment that has been significantly used by educators and be-
cause it is open source software, which allows the creation of computational tools according to the characteristics defined by developer (Moodle, 2018) .
The purpose of creating this tool is to assist the facilitator and the students in the application of the PBL cycle, making it possible to minimize the difficulties of implementing this methodology, properly described in the introduction of this work.
The Problem tool has two interfaces, defined as follows: Use Scenario of the Facilitator and Use Scenario of the Student. The use scenario for the facilitator is composed of two tabs, presented as follows: Problem and List of Group. As for the use scenario assigned to the student, this is formed by four tabs: Problem, Group, Sessions and My Profile. In addition to the functionalities, the Problem tool also has chat and forum resources, which were used as collaborative tools, in order to allow interaction between the facilitator and the students during the problem-solving phase. Figure 1 and Figure 2 show, respectively, the use scenarios of the facilitator and student, which are presented after completing the user authentication steps and choosing the course and the problem to be solved.
To minimize the difficulties of PBL implementation related to student dispersion, the formation of support groups and the monitoring of the individual or autonomous study related to the problem solving stage, the Problem tool has a Multiagent System (MAS) that aims to assist in this process and, consequently, to surpass such challenges.
According to Henderson-Sellers & Giorgini (2005) , MAS can be defined as a system formed by two or more agents that compete or cooperate with each other for the purpose of performing tasks or achieving one or more objectives. Thus, in order to perform tasks related to the application of PBL cycle, some agents have been inserted in the Problem tool. It is important to emphasize that only the agents that specifically work in minimizing the difficulties of PBL implementation were mentioned in this paper. In this approach, the following agents stand out:
• Group Management Agent (GMAg), whose main function is recommending the formation of groups that have an approximate or desired profile to solve specific problems, that acts after the facilitator to define the profiles of the groups and the learning goals; GMoAg and SMAg, which are triggered when are observed students' passivity behaviors, conversations not related to the context of the problem, not sending the reports and evaluations of the sessions, when the problem solving session was not finalized, the final report and problem solving were not sent and when not performed student and peer evaluations. Detecting the non-accomplishment of these tasks, the PDAg notifies the facilitator and the components of the groups, in order to contemplate them and follow the PBL steps, since, the main purpose of the MAS in this work is to help in application of the cycle of this methodology in Moodle, contributing to the teaching-learning process.
For the monitoring of the individual or autonomous study, collaborative chat and forum tools were used to help the dialogues and functionalities between the working groups during the problem solving phase, contributing to the practical application of the approached contents.
Case Study
The Problem computational tool was used as an instrument of data collect, through the case study procedure. The research was developed at the Universidade Federal Rural do Semi-Árido, located in the city of Mossoró, in the state of Rio Grande do Norte. The application of the study obtained a sample of 25 students of the fourth period of the medical school of the Institution.
In order to perform the case study, it was necessary to obey the sequence of Referring to the schedule and the description of the activities proposed to be 1 A document that highlights the rights, permissions, responsibilities, requirements, objectives, and risks of those involved in the research, with the aim of ensuring the confidentiality of information, anonymity of participants and the protection of researchers about the use and dissemination of results, respected the accomplishment of the requirements. to intervene when necessary in order to achieve the learning objectives and solving the problem.
In the closing session of the problem, the last step of the methodology was applied in in-person format. Thus, the groups returned to the tutoring rooms with the purpose of debating again the proposed problem situation in view of the new knowledge acquired during the autonomous study phase. After the discussions were made and the learning objectives were answered, the problem was closed, respecting the considerations of the group and the facilitators. After the problem was closed, the facilitators performed the evaluation of the students, based on the defined learning goals and in the observation of the level of participation of each member of the team (criterion used: score from 0 to 10) and the students performed the self-assessment, peer evaluation and submission of the final report and of the problem solving, procedures performed in a blended way, through the Problem tool. The data presented in this work correspond to a synthesis of the results obtained regarding the tool evaluation questionnaire, aiming to emphasize the application process of the Problem computational tool in the PBL proposal and its effectiveness in the teaching-learning process. In this approach, we will specifically refer to the questions that refer to the stages of use of the tool during the problem solving phase, group performance, learning process and student assessment of (ICT) use in education. Considering the above, we present the following results, based on a sample of 25 participants.
From Figure 3 , it can be inferred that the execution stages of the activities proposed in the computational tool were applied in an appropriate way, respecting the application of the PBL cycle, which demonstrates the effectiveness of the combination of the tool and the proposed methodology. Thus, only 32% of the sample presented some type of difficulty. Based on the responses indicated, the following difficulties and their respective percentages were highlighted: 1) difficulty in accessing the tool (12.5%); 2) difficulty with the interface of the tool (62.5%); and 3) difficulty with the use of the forum (25%). Based on the data presented in Figure 4 , it can be concluded that there was a higher incidence of evaluations directed at favorable considerations regarding the performance of the group, which shows the functionality of the tool and the practical exercise that this allows for the application of the PBL in the blended learning format. The fact that most participants consider the performance of the group regular demonstrates an understanding that they were submitted to a teaching format and to the use of a technology that requires a period of adaptation to obtain a better performance. Regarding the evaluations considered not satisfactory, the participants presented the following justifications and their respective percentages: 1) due to the non-participation of all members of the group during the activities in a satisfactory way (70%), reason that presented as main justification the low availability of students' time due to the requirements of the workload presented by the medical school; 2) adaptation to the tool (10%); and 3) by the fact of not perception of differences in the application of the PBL in the blended format compared to the in-person format already used by the participants (20%).
Regarding the data presented in Figure 5 , it can be stated that the use of the tool propitiated the learning process during its period of use, allowing the application of the PBL cycle to occur dynamically and more participatory. The collaborative resources of chat and forum assisted in the execution of the sixth step of the methodology, which consists of the student's individual or autonomous study, favoring the sharing of students' information and doubts. This also enabled the facilitator to provide evaluation feedback on student performance, if observed deviations in the resolution of the learning objectives to be reached, besides allowing the contents registered in the tool to be stored and accessible in Figure 4 . Performance of the tutorial group in the problem tool. a practical way, whenever demanded. Regarding the evaluations that took into account that the activities applied in the tool, in the blended format, did not favor learning, the following reasons and their respective percentages were recorded: 1) due to the non-use of the resources and the functionality of the tools in satisfactory way, justified by lack of time (25%); 2) due to their adaptation to the tool (41.6%), since they stated that they were adapted with the use of other technological tools to support the application of the methodology; 3) because they preferred the PBL application in person (16.7%) and 16.7% did not justify it.
From the data obtained in Figure 6 , it is possible to affirm that ICT are considered essential instruments in the educational scope. In this way, they can be used as pedagogical support for the complementation of learning, since they constitute a legally recognized resource in Brazil, after the promulgation of Law number 9394/96, which deals with the Guidelines and Bases of Education (GBE).
In this sense, the Problem tool represents a fundamental technological resource to aid the teaching-learning process in the PBL proposal, since it allows the expansion of teaching formats through the DE modality, in addition to facilitating the application of more participative classes, collaborative resources, which instigates the student's performance in the construction of knowledge.
It is important to note that, during the use of the Problem tool, conversations not related to the context of the problem were not diagnosed. One of the reasons that contributed to the non-occurrence of this factor was due to the strategy of the facilitators in creating specific forums for each learning objective defined by the groups during the realization of the tutorial sessions, these were recorded as learning goals. Thus, the discussions were restricted to the context of the problems to be solved and, at the same time, allowed the facilitators to monitor the individual and collective study of the students, to follow the students' performance, their strategies of solution of the problem situations; the forms of participation and, consequently, to achieve the learning objectives and the resolutions of the problems. As a result of the contributions arising from this strategy, it was possible to carry out the final evaluation of the students and the group in a more precise way, based on observations of the individual and collective performance of the teams. Therefore, each learning objective was a goal. Thus, the students were evaluated according to the individual performance achieved in each learning goal, and the group according to the general performance presented during all the steps of application of the methodology.
Learning goals compose a set of characteristics that are directed to the individual profiles of the students after the facilitators make the final evaluation, and are used by the MAS when the need to create the support groups is required. In this way, the Problem tool enables facilitators to have two formats for group formation: manually, individually linking each participant to the problem, or using the MAS, which creates the groups automatically, based on the problem's requirements and the learning goals.
As discussed in this work, it can be stated that the above-mentioned tool 
Final Considerations and Future Work
Using the PBL as a teaching methodology extends the ways of performance of the student and facilitator in the space of learning, as well as promotes the development of skills and competences; of autonomy; of the interaction, collaboration and participation forms, and of the argumentative and critical capacity, contributing to the accomplishment of more dynamic classes, with the purpose of instigating curiosity and the learning process.
The PBL application emphasizes group work and collaboration to solve a problem. During this process, there are some difficulties inherent to the methodology, such as the dispersion of students in collaborative learning environments, the creation of support groups and the monitoring of individual and collective study, which influence and compromise the learning, if no restorative measures are adopted.
In view of the above, this paper presented a computational tool to support the PBL, which integrates software agents with the purpose of minimizing the difficulties of implementing this methodology, previously described and facilitating the learning process, enabling the intermediation among those involved during the individual and/or collective interaction occurring in the resolution phase of a proposed problem, even if the actors included in this process are separated in different physical environments. However, it is important to highlight that the use of technologies in the educational space requires the planning and the adoption of pedagogical practices that enable the participatory performance of all those involved and who aim to follow the learning generated in this process. In this sense, we present as contribution of this work the development of a computational tool to attend the main application requirements of the PBL, in order to help in obtaining pedagogical data related to the teaching-learning process, aiming to verify the effectiveness of the combination of the tool with the PBL in learning.
As a proposal for future work, we intend to implement the problem tool, creating other functionalities and improving some existing ones, in order to help students and facilitators in the application of the PBL and to contribute to the learning process. One of the suggested functionalities for improvement is to allow the tool to generate, after peer evaluation, a report with the average performance of all the groups linked to the problem. This report should be available both in the student and the facilitator use scenario, allowing access only to the members and facilitators of their respective tutorial groups, thus facilitating the monitoring of individual and collective performance, evaluation and self-assessment process. Another proposal is to create a specific space for the sending materials of the student individual production, without being stored in the problem solving form, because at the moment they are accessible to all members of the group. Thus, the creation of this resource will allow the individual material to be available only to the student (author of the content) and for the group facilitator and may serve as an additional instrument in the student's assessment. Finally, we suggest, after the closing of the problem, the change the evaluation criterion of the student, currently represented by a score scale that includes values from zero to ten, for the creation of concepts of student performance, considering the criteria satisfactory, regular and need to improve.
